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METHOD FOR FABRICATING 
SEMCONDUCTOR DEVICE 

BACKGROUND OF THE INVENTION 

1. Field of Invention 
This invention relates to a semiconductor process, particu 

larly to a method for fabricating a semiconductor device. 
2. Description of Related Art 
In a conventional process for fabricating strained MOS 

transistors, a disposable silicon nitride (Dis-SiN) layer is 
formed covering a NMOS area but exposing a PMOS area to 
beformed with a stress layer, and is removed after the stress 
layer is formed. In addition, a thin spacer is usually formed on 
the sidewall of the NMOS gate before the Dis-SiN layer is 
formed, which is capable of controlling the overlap width of 
the later formed NMOS source/drain (S/D) extensions with 
the NMOS gate. This overlap width will affect the electrical 
characteristics of the semiconductor device. 

However, in the formation of the NMOS S/D extensions 
after the stress layer is formed, the thin spacer usually has 
been damaged in the profile or thickness by the prior etching 
step(s), so the uniformity of the devices is lowered. In addi 
tion, in the removal of the Dis-SiN layer, the exposed sub 
strate Surface is easily damaged, which may cause some prob 
lems in the device reliability and performance. 

SUMMARY OF THE INVENTION 

Accordingly, this invention provides a method for fabricat 
ing a semiconductor device, which is at least capable of 
improving the uniformity of the devices. 
The method for fabricating a semiconductor device of this 

invention is described as follows. A semiconductor substrate 
is provided, wherein the Substrate has a first area and a second 
area. A first gate structure and a second gate structure are 
formed over the substrate in the first area and the substrate in 
the second area, respectively. A first spacer is formed on the 
sidewall of each of the first and the second gate structures. At 
least one etching process including at least one wet etching 
process is performed. The first spacer is removed. A second 
spacer is formed on the sidewall of each of the first and the 
second gate structures. A mask layer is formed in the second 
area. Ion implantation is performed using the mask layer, the 
first gate structure and the second spacer as a mask to form 
S/D extensions beside the first gate structure in the substrate 
in the first area. The mask layer is then removed. 

Because the second spacer is formed on the sidewall of the 
first gate structure to replace the first spacer having been 
damaged by etching, the overlap width of the first gate struc 
ture and the S/D extensions can be well controlled to improve 
the uniformity of the devices. 

In some embodiments, a stress layer is formed in the Sub 
strate before the first spacer is removed. Moreover, a protec 
tive layer and a disposable layer may be foinied in the first 
area after the first spacer is formed but before the stress layer 
is formed. The disposable layer may be removed with another 
wet etching process after the stress layer is formed. 

Because the protective layer is formed prior to the dispos 
able layer, the Substrate surface is protected from damages by 
the protective layer in removal of the disposable layer to avoid 
certain problems. 

In order to make the aforementioned and other objects, 
features and advantages of the present invention comprehen 
sible, a preferred embodiment accompanied with figures is 
described in detail below. 
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2 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1-8 illustrate, in a cross-sectional view, a method for 
fabricating a semiconductor according to an embodiment of 
this invention. 

DESCRIPTION OF EMBODIMENTS 

The following embodiment is intended to further explain 
this invention but not to limit the scope thereof. For example, 
though the stress layer is shown to be a single layer, it may 
alternatively be a 2- or 3-layer composite. Such as a 3-layer 
composite including a first SiGe layer having a first Ge pro 
portion, a second SiGe layer having a second Ge proportion, 
and a silicon layer at the top. Moreover, although the first 
transistor including the first gate structure is NMOS and the 
second transistor including the second gate structure is 
PMOS in the embodiment, it is also possible that the first 
transistor is PMOS and the second transistor is NMOS in 
other cases. 

FIGS. 1-8 illustrate, in a cross-sectional view, a method for 
fabricating a semiconductor according to an embodiment of 
this invention. 

Referring to FIG. 1, a semiconductor substrate 10 is pro 
vided, which may be a single-crystal silicon Substrate or an 
epitaxial silicon substrate. An isolation layer 12 is formed in 
the Substrate 10 to define a PMOS area 14a and a NMOS area 
14b on the substrate 10. A gate structure 16a of the PMOS and 
a gate structure 16b of the NMOS are formed on the substrate 
10 in the PMOS area 14a and the Substrate 10 in the NMOS 
area 14b, respectively, wherein each gate structure 16a or 16b 
includes a stack of a gate dielectric layer 18, a gate conductor 
20 and a cap layer 22, from bottom to top. The gate conductor 
20 may include poly-Si. The cap layer 22 may include SiN. 

Then, a spacer 24 is formed on the sidewall of each of the 
gate structures 16a and 16b. The spacer 24 may include 
silicon carbonitride (SiCN) or SiC., and may have a thickness 
of 5 to 50 A. S/D extensions 26 of the PMOS are then formed 
in the substrate 10 beside the PMOS gate structure 16a 
through boron ion implantation. 
A blanket protective layer 28 and a blanket disposable 

layer 30 are then formed in sequence, both of which are 
substantially conformal to the above resulting structure. The 
protective layer 28 may include silicon oxide formed with 
atomic layer deposition (ALD), namely ALD oxide, and may 
have a thickness of 3 to 40 A. The disposable layer 30 may 
include SiN, and may have a thickness of 20 to 150 A. A 
patterned photoresist layer 32 is then formed covering the 
NMOS area 14b. 

Referring to FIG. 2, an anisotropic etching is conducted 
using the patterned photoresist layer 32 as a mask to remove 
the horizontal portions of the disposable layer 30 and the 
protective layer 28 in the PMOS area 14a, leaving in the 
PMOS area 14a a spacer 30a (defined from the disposable 
layer 30) and a portion of the protective layer 28 on the 
sidewall of the PMOS gate structure 16a. The anisotropic 
etching is continued with the patterned photoresist layer32. 
the PMOS gate structure 16a and the spacer 30a as a mask to 
remove a portion of the substrate 10 in the PMOS area 14a, so 
as to form cavities 34 in the Substrate 10 beside the PMOS 
gate structure 16a in the PMOS area 14a. A wet etching 
process may be further performed to laterally expand each of 
the cavities 134. After that, the patterned photoresist layer 32 
is removed. The protective layer 28 and the disposable layer 
30 in the NMOS area 14b are not etched in the anisotropic 
etching process (and the wet etching process) due to the 
masking of the patterned photoresist layer 32. 
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Referring to FIG. 3, a stress layer 36 is formed in each of 
the cavities 134. The stress layer 36 usually includes SiGe to 
produce a compression stress for the PMOS channel, and may 
be formed with an epitaxial process. The stress layer 36 is 
usually formed to protrude above the surface level of the 
substrate 10. 

Referring to FIG. 4, the disposable layer 30 and the cap 
layer 22 of the PMOS gate structure 16a are removed, possi 
bly using phosphoric acid, while the cap layer 22 of the 
NMOS gate structure 16b is not removed due to protection by 
the protective layer 28. It is noted that the temperature set in 
the removal process cannot be overly high, so as to prevent the 
protective layer 28 from being etched through. The suitable 
temperature range is from 50° C. to 200° C. 

Since the protective layer 28 has been formed on the sub 
strate 10 in the NMOS area 14b, the surface of the substrate 10 
in the NMOS area 14b is protected from damages in removal 
of the disposable layer 30. 

Referring to FIG. 5, a thin dummy oxide layer 38 is formed 
covering the above resulting structure, and then a dummy 
spacer 40a/b is formed on the sidewall of each gate structure 
16a/b, wherein the stress layer 36 is protected by the dummy 
oxide layer 38 in the anisotropic etching (not shown) for 
forming the dummy spacer 40a/b. The dummy oxide layer 38 
may have a thickness of 50 to 200 A. The dummy spacer 
40a/b may include SiN. 

Referring to FIG. 6, the dummy oxide layer 38 exposed 
outside of the dummy spacer 40a/b, the protective layer 28 on 
the cap layer 22 of the NMOS gate structure 16b, and the cap 
layer 22 of the NMOS gate structure 16b are removed in 
Sequence. 

Referring to FIG. 7, the dummy spacer 40a/b, the remain 
ing dummy oxide layer38 and the remaining protective layer 
28 are removed. The spacer 24 having been damaged by the at 
least one wet etching process is also removed, possibly using 
HF. It is noted that the temperature set in the removal process 
cannot be overly low, so as to prevent an etching residue. The 
suitable temperature range is 20° C. to 50° C. 

Referring to FIG. 8, a new spacer 50 is formed on the 
sidewall of each of the gate structures 16a and 16b. The spacer 
50 may be composed of a silicon oxide spacer and a SiCN 
spacer. In such a case, the process for forming the spacer 50 
may include: forming a silicon oxide spacer on the sidewall of 
each of the gate structures 16a and 16b, and forming a SiCN 
spacer on the sidewall of the silicon oxide spacer. 
A patterned photoresist layer 52 is then formed covering 

the PMOS area 14a, and then N-type ion implantation 54 is 
performed using the patterned photoresist layer 52, the 
NMOS gate structure 16b and the spacer 50 as a mask to form 
S/D extensions 56 in the substrate 10 beside the NMOS gate 
Structure 16b in the NMOS area 14b. 

Because the newly formed spacer 50 is formed on the 
sidewall of the NMOS gate structure 16b to replace the pre 
cedent spacer 24 having been damaged by etching, the over 
lap width of the NMOS gate structure 16b and the S/D exten 
sion 56 of the NMOS can be well controlled to improve the 
uniformity of the devices. 

This invention has been disclosed above in the preferred 
embodiments, but is not limited to those. It is known to 
persons skilled in the art that Some modifications and inno 
Vations may be made without departing from the spirit and 
Scope of this invention. Hence, the scope of this invention 
should be defined by the following claims. 

What is claimed is: 
1. A method for fabricating a semiconductor device, com 

prising: 
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4 
providing a semiconductor Substrate, wherein Substrate 

has a first area and a second area; 
forming a first gate structure and a second gate structure 

over the substrate in the first area and the substrate in the 
second area, respectively; 

forming a first spacer on a sidewall of each of the first and 
the second gate structures; 

performing at least one etching process including at least 
one wet etching process; 

removing the first spacer, 
forming a second spacer on a sidewall of each of the first 

and the second gate structures; 
forming a mask layer in the second area; 
performing ion implantation using the mask layer, the first 

gate structure and the second spacer as a mask to form 
S/D extensions in the substrate beside the first gate struc 
ture in the first area; and 

removing the mask layer. 
2. The method of claim 1, wherein forming the second 

spacer comprises: 
forming a siliconoxide spacer on the sidewall of each of the 

first and the second gate structures; and 
forming a silicon carbonitride (SiCN) spacer on a sidewall 

of the silicon oxide spacer. 
3. The method of claim 1, further comprising, before the 

first spacer is removed, 
forming a stress layer in the Substrate beside the second 

gate structure in the second area. 
4. The method of claim3, whereinforming the stress layer 

comprises: 
forming cavities in the substrate beside the second gate 

structure in the second area; 
performing the at least one wet etching process to laterally 

expand each of the cavities; and 
forming, in each of the cavities, a semiconductor material 

different from a material of the substrate. 
5. The method of claim3, wherein the second gate structure 

is a part of a PMOS transistor, and the stress layer comprises 
SiGe. 

6. The method of claim 3, further comprising, after the 
stress layer is formed but before the first spacer is removed, 

forming, in the first area and the second area, a dummy 
oxide layer covering the first gate structure, the second 
gate structure, the first spacer and the stress layer, 

forming a dummy spacer on a sidewall of the dummy oxide 
layer on the sidewall of each of the first gate structure 
and the second gate structure; 

performing the at least one wet etching process to remove 
a portion of the dummy oxide layer not covered by the 
dummy spacer and remove a cap layer of the first gate 
structure; and 

removing the dummy spacer and the dummy oxide layer. 
7. The method of claim 6, wherein the dummy spacer 

comprises SiN. 
8. The method of claim 6, further comprising: 
forming, in the first area, a protective layer and a disposable 

layer after the first spacer is formed but before the stress 
layer is formed; and 

performing another wet etching process to remove the dis 
posable layer after the stress layer is formed but before 
the dummy oxide layer is formed. 

9. The method of claim 8, whereinforming the protective 
layer and the disposable layer in the first area comprises: 

forming a first blanket precursor layer of the protective 
layer and a second blanket precursor layer of the dispos 
able layer in the first area and the second area; 
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forming a patterned photoresist layer covering the first 
area; and 

anisotropically etching the first blanket precursor layer and 
the second blanket precursor layer using the patterned 
photoresist layer as a mask, wherein, in addition to the 5 
protective layer and the disposable layer, a disposable 
spacer is also formed, from the second blanket precursor 
layer, on the sidewall of the second gate structure in the 
second area. 

10. The method of claim 8, wherein the protective layer 10 
comprises silicon oxide, and the disposable layer comprises 
SN. 

11. The method of claim 1, wherein the first gate structure 
is a part of a NMOS transistor and the second gate structure is 
a part of a PMOS transistor. 15 

12. The method of claim 1, wherein the first gate structure 
is a part of a PMOS transistor and the second gate structure is 
a part of a NMOS transistor. 
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